Summary By means of a mathematical score previoulsy generated by discriminant analysis on 90 lung cancer patients, a new and larger group of 261 subjects [209 with non-small-cell lung cancer (NSCLC) and 52 with small-cell lung cancer (SCLC)] was analysed to confirm the ability of the method to distinguish between these two types of cancers. The score, which included the serum neuron-specific enolase (NSE) and CYFRA-21.1 levels, permitted correct classification of 93% of the patients. When the misclassifications were analysed in detail, the most frequent errors were associated with limited disease SCLC with low NSE levels and with advanced NSCLC with high NSE levels. This demonstrates the importance of the marker in correctly categorizing patients.
Many substances in sera have been studied in an attempt to find potential markers for lung cancer. Unfortunately, none of these appears to be sensitive and specific enough in terms of a reliable diagnosis (Gail et al, 1986) .
We recently reported an attempt to optimize the use of a combination of tumour markers, by means of the discriminant analysis approach, to identify patients with small-cell lung cancer (SCLC) from those with non-small-cell lung cancer (NSCLC). This approach permitted generating a score able to correctly classify 95.9% of patients with an error rate of 8.3% in SCLC and 2.7% in NSCLC subjects. The formula to calculate this score was the following (Paone et al, 1995) : The encouraging results obtained in the previous investigation led to the present study with the aim of: (1) verifying whether the above score showed the same discriminating power in a larger group of patients; and (2) analysing its reliability in different subgroups of lung cancer patients. antigen, produced by Byk Sangtec, Cormano, Italy; normal values less than 95 U ml-'); (3) CYFRA-21 .1 (a cytokeratin antigen, by CIS Diagnostici, Vercelli, Italy; normal values less than 3.3 ng ml-'); and (4) NSE (neuron-specific enolase, by CIS Diagnostici; normal values less than 12.5 ng ml-'). All the tests (radioimmunoassays) were performed in duplicate, following the manufacturers' instructions.
Haemolysed samples were not used because they have been shown to be a cause of serum NSE increase (Cooper et al, 1985) .
Statistical analysis
Non-parametric tests were performed for the individual markers, because of their non-normal distributions. The Mann-Whitney rank-sum test or the Kruskal-Wallis one-way variance analysis was used to compare the different groups. The %2 for trend was used to evaluate the relationship between stages and errors in the NSCLC group (stages I, II, IIIa + TIIb and IV).
Discriminant analysis
This method, performed after logarithmic transformation, is a statistical procedure involving a linear combination of the independent variables that discriminates between the a priori defined groups, thus minimizing the misclassification rates. The classification function, named canonic variable, is a score generated by the program: the canonic variable is a score calculated by adding together the levels of the variables selected, multiplied by the appropriate coefficients (negative or positive). The variable is standardized by means of a constant number, equal to zero (=0) when the patient cannot be classified into one of the two groups.
In this study, to show the distribution of the patients in each group and stage, results were examined in terms of the canonic variable scores of each subject.
RESULTS
The results obtained by calculating the canonic variable (negative canonic variable = NSCLC, and positive canonic variable = Figure 1 shows that there is a wide variation of the distribution of SCLCs as opposed to that of NSCLC patients. This can be explained by the fact that NSE is the most important discriminating variable, mainly increased only in SCLC subjects.
No association was observed in terms of the age, sex and error rates in the two groups (Table 1) .
We also analysed the influence of the NSE and CYFRA-21.1 values on the error rates to evaluate their importance from a classificatory point of view. As expected, a strong difference was observed comparing the median NSE values of misclassified and correctly classified patients. In fact, the median NSE level of the 12 misclassified NSCLC patients was 20.25 ng ml' (range 10.4-69) vs 7.2 ng ml (range 4-16.3) found in the correctly classified subjects (P<0.00001). A similar, opposite significant difference was found in SCLC patients: the median serum NSE value obtained in the six misclassified patients was 8.9 ng ml-' (5.6-10.6) vs 33.1 ng ml '(11.9-200) of the correctly classified subjects (P=0.00008).
DISCUSSION
A large data set confirms the efficiency of the previously generated score. In fact, Figure 1 shows that SCLC can be differentiated from NSCLC by using a multivariate discriminant analysis on serum tumour markers (NSE and CYFRA-21.1); NSE being the most powerful discriminant factor.
Since one of the main limits of the clinical applicability of the serum tumour markers is its lack of sensitivity in the early stages (McIntire 1982; Ferrigno et al, 1994) , we investigated whether any association could be observed between the rate of correct classification obtained by the score and the tumour stages. This analysis showed that stages, sex and age did not influence the error rate. However, there were a number of misclassified patients affected with SCLC-LD (with low NSE serum levels), and with advanced NSCLC, strictly depending on the high NSE levels. This finding highlights the need to analyse further the differentiation grade of misclassified cases and a new study of this question is planned.
These findings indicate that NSE is the most important discriminant variable not only for a correct classification but also for determining errors. The increased number of errors in SCLC-LD patients is not surprising, as it is known that NSE is stage dependent in this type of cancer (Camey et al, 1982; Cooper 1994 ). An association between NSCLC and high NSE levels has been reported in a subgroup of patients (up to 30%), namely those showing an enhanced drug sensitivity and a more aggressive clinical tumour behaviour (Zandwjik et al, 1992; Diez et al, 1993) .
Currently, the most widely accepted method in the clinical use of one or more tumour markers is based on the assessment of their cut-off values, placing subjects into groups by means of results that are above or below certain values. However, this does not use information available in the quantitative data. This can be ameliorated by using the discriminant analysis, which represents one of the best methods of combining the discriminant power of more variables to obtain the most accurate classification between two or more groups (Ameglio et al, 1991 (Ameglio et al, , 1994 .
The reliability of this approach is based on two considerations:
1 In two subsequent studies (the first one already published and the present report) only NSE and CYFRA-21.1 were selected as useful discriminating variables. The other marker combinations did not produce acceptable classification rates (results not shown). 2 Recent studies indicate that NSE and CYFRA-21.1 are the most useful tumour markers for SCLC and NSCLC classification (Burghuber et al, 1990; Wieskopf et al, 1995) and, therefore, it is not surprising that the discriminant analysis combined these two markers together.
Given the confirmed reliability of our approach, a possible clinical target of the score described could be represented by those patients in whom lung cancer is diagnosed by means of clinical and radiological signs, but where the histological type cannot be recognized because cytology is negative and invasive diagnostic techniques cannot be applied, especially in elderly patients with poor cardiorespiratory functions.
